Purification and regulation of fructose-1,6-bisphosphatase from Bacillus licheniformis.
The fructose-1,6-bisphosphatase (D-fructose-1,6-bisphosphate 1-phosphohydrolase, EC 3.1.3.11) from the spore-forming bacterium Bacillus licheniformis was purified approximately 800-fold (with a 20% yield of activity) by a procedure that included ammonium sulfate precipitation, precipitation by MnCl2, and gamma-alumina gel absorption. Catalysis by this enzyme in vitro was specific for fructose 1,6-bisphosphate (Km of approximately 20 muM) and proceeded optimally at pH 8.0 to 8.5. Fructose-1,6-bisphosphatase was found to be rapidly inactivated by incubation in the presence of AMP or in the absence of Mn2+. The AMP inactivation was prevented by adding P-enolpyruvate to the incubation mixture. The enzyme was slowly inactivated when incubated in the presence of stabilizing concentrations of Mn2+ (5 mM) at protein concentrations of less than 8 mg of protein per ml. An additional system is produced during sporulation which specifically inactivates fructose bisphosphatase in vitro. This system, which is distinctly different from the AMP inactivating system, can be blocked by P-enolpyruvate. This fructose bisphosphatase, like fructose bisphosphatases from other sources, was strongly inhibited by AMP, exhibiting a Ki of approximately 5 muM. This inhibition, however, could be completely overcome by P-enolpyruvate. P-enolpyruvate was also found to be an activator of the enzyme and exhibited a Km of approximately 2 muM. This activation was prevented in a competitive manner by AMP, exhibiting a Ki of approximately 5 muM. No other effector of fructose bisphosphatase was identified in an extensive search. The specific activity of fructose bisphosphatase in crude extracts was found to be independent of the stage of the life cycle of the bacterium or of the nature of the carbon-energy source supporting growth. Immunoprecipitation studies indicate that no new species of fructose biphosphatase is produced during gluconeogenic growth or sporulation. The enzyme extracted from cells under a variety of physiological conditions exhibited a molecular weight of about 5 times 10-5 as determined by sucrose density centrifugation. Therefore, it is proposed that a single constitutively synthesized fructose bisphosphatase is present in B. licheniformis. Measurements of the intracellular level of fructose 1,6-bisphosphate indicate that the variation in the level of substrate throughout growth (1 mM) and sporulation (0.3 mM) does not regulate the in vivo activity of this enzyme, since the Km of the enzyme for fructose 1,6-bisphosphate is approximately 10-fold lower than the lowest in vivo concentration of substrate. P-enolpyruvate is proposed as the major regulator of fructose bisphosphatase activity in vivo.